On certain Mollusca of the Malayan limestone hills 

By M. W. F. TwitnuiH. m.a., c.m.z.s. 

'T t0 ° d reailins why lhe ^cll-bcaring hind nmlluscv adord 
Active vmnhiF ^, y , m ' n0r ? voIuli °nary change. Firstly they are among the least 
SI , r r f Ir n' an,mals - Nnl onl >' :,rc Uu;ir Powers of locomotion lin.itcd. 
Secondly the^ '?• , afTcCl,VC nlcans of " idc * <my stags: of development, 

fers of die form , ?° n ““ u * l<m "'<= animal is very frequently expressed by charac- 

feltio-a n T?- P and coI ° ur -P ;ll “™ of the shell, so that members of slightly 
and nr«e^ P ° P “ a ,0nS arC , rCad,l - v ^cognisable. Finally the shells arc easy to collect 

^ oh~ wi^, a dimc a uTy SUlBC ' enUy C ° PiOUS f ° r Sl “ dieS ° f ,his kind can a - a ”>- 

including, i0n f°r ‘ heSe CI ' r “ nC ? has lcd t0 J m,mbcr ° f evolutionary studies, 
including that of Cepca nemoraks and C. hortemis in Europe (Diver 1019) „f the 

ArhadnelCd “ S* ,slands (Cramplon, I*>32 and oilier papers) and of the 

Achatmelhdae in Hawaii (Gulick, 1905). 

nisihle ‘hamVr! ^ S <V ’" dis,ini:1 populations appear to develop in the absence of rccog- 
ta iJ nZn” dls P‘ ;r su | 1 the immobility of the snails being die main, if not the sole, 
fac or in promoting isolation. In the Society Islands and Hawaii the molluscs inhabit 

meUevm'm ,mcrv ™' n S high and relauvely arid ridges, so that populations arc to a 
gicjt extern separated by physical barriers. 

The case at present under consideration differs from any of those cited in that tin- 

arC ? r m ° rC COmp,clc, >' :,nd ^Hectivcly isolated. This is due to 

lociIhl.M h h ^ r° nS,St ° f SPCCICS Wh ' ch appcar 10 bc aIm0!it or entirely confined to 

ou.t P “in^oun“ ° U,Ct ° P5 “ "* S “ rfiKC - and «“ lh ‘ p « aliar " a *» »' 

^r f Jn h p. , t i,,,C ' Si0nL V hil,S ‘ lM r U,C CCnlral nor,hcrn P*™s of the Malay Peninsula 
certain Palaeozoic limestone formations outcrop in a peculiar manner. Over the greater 

par of the area, in which they arc represented on a •solid’ geological map. they form a 
continuous ‘bed-rock’, overlain by alluvia! deposits. When L limestone appears uUhe 

ll .onVhJ iOC f| SO mvnnab,y m u,c form of preci I ,itol,s hills, so steep that very little soil 
ts on them, the greater part of their surface being naked rock (Plate 16). In some dis- 

cts they are disposed in groups, close together, in others, especially in Pahang thev 
occur singly or m wide y separated pairs or rows. A summary of the geological inform- 

Stirvov PH rnin r ^ 1°/ I”* thC SUb ' CCt ° f a papcr b >’ Mr ‘ J - R - Paton of lhc Geological 
. ,irVc >. I cderation of Malaya, which immediately follows this one. 

From the point of view of calcicolous organisms, hills connected by limestone ‘bed- 

^ir r, K m , by T appCar 10 bc ns cfrcctivc, y Elated from each other ns those 
ctween which a non-calcareous geological formation intervenes. This is certainly true 
' . regions in which the cover of alluvium is fairly thick, as on the western coastal'plain. 

£ ; P " P °!" Ls 0l,l . Cp - 73 > llvM ,n north-west Pahang and the adjacent part of 
Kd.intan die hills arc disposed in rows parallel to the main geological structure, the rows 
corresponding to continuous rather narrow limestone outcrops. Here the alluvium cover 
is shallow and, as suggested by Mr. Paton. it might be expected that migration between 
•ills standing on a particular outcrop would take place more readily than between those 
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™ S n,ay WC 1 bc S0 and ma,ter investigation, hut my 

samples from this region are not adequate to provide evidence on this point. 

, «>e Molluscu. Casual inspection of soil and debris at the base of any 

forms h -1 occur m° St ‘ T"' abundant ““TO molluscan shells. These include 

forms that occur more sparingly ,n the surrounding country, such as Cyctouhorus 

Henuplectu and (m mhabited areas) the introduced species AchminauU<£FcZZ' 
Many species are also found which appear to he conlincd to this env^nmem ^e 

these FurthT™ ^clophonds Vertiginids and Streptaxids are conspicuous among 
hese. Further search will generally reveal living molluscs crawling among dead leaves 

mostTrern e 7“' “ * ,P ? ve “ d faces. Atycaeus and RMos.oma arete genera 

p trticuhrlv coneem^r 1 " ' T The 4 minutc 'P™' 5 ' w'li which this study is" more 

hving Pknntoma and 7 *£?* ^ CU " ‘° n " d a ‘ iVC ' th ° Ugh 1 havc an'counlcred 
mg / ketostomu md Geothauma among wet moss growing on limestone. 

arc madethisTacTwas 11 fr ° m •’’'h' 0 h ,'“ S °° n bctomC5 a PP arcnl if collections of shells 
Morean In I, recognised as long ago as 18X5 by .he French zoologist J. dc 

Morgan. In Ins account of the Malayan land and fresh-water molluscs (de Morgan 1885) 

oZL 7orr f at, T ,: “ T T f ° rmali0nS a " favourable to the dcTpmem of 
she Is but a vet°“ cvcr y w herc where the limestone outcropped a great quantity of 
environmnn, ° S P“ ,CS varicd >»'>nilcly with change of locality. In mi 

r,77„7r T parcm ! y “ n,b,n,n * a " conditions desirable for the development ol HclU 

low^nr litf wht°" f • 7 S SUrpriSCtl b> ' lhe grCat varia bili'y 'he species. The fol- 
h.JTrefk h h C °' m , : e rcstl ,S of n, y cC'Scarch in llirec different localities prove 

he limns. n nC w and hoW ,mcrcstil ’S if would be to explore one after another all 
me limestone hills in the country”. 

Lists of species follow from three limestone localities near Ipoh in Perak. 

w . ‘7r y ^ arS [fr account of Malaysian terrestrial molluscs, J. E. Tenison- 
oods ( remson-Woods. 1888, p. 1004) makes the following observations: “Soil also 

of land mollut ? , f nflu | * ncc - S ° mc S P CC,CS prcfcr ? ranitic formations; but the predilection 

auite a numhr^f ,s vcr ? 5trikin S- In the Malay Peninsula there is 

quite a number of small isolated limestone outliers in the form of hills t nd table-lands, 

mostly of a precipitous character. These arc all distinguished by an abundance of genera 

oafehonim^nn" ; T! ie reslrictcd habital “ nit remarkable, and each 

alkK hi ‘7 0 " CCm f s l ,° havc ,LS own s P ecies - 11 has been remarked by various natur- 

fsbnd w.Th itT ? ,Can r S d,Spersal the , ,and Shclls h:,ve - and thus it is that we find each 
island wid iLs own fauna, no matter how small it is. Some of these species are peculiar 

‘ " d . P ^‘° n f al typcs ■ 11 must bc admitted, however, that some types arc very wide- 

L P a^th^ C ty’p^s ” ,nStanCe * 3S IhC f ° rmS ° f Wh ‘ Ch HeUx dlrina L - and Pcrversus 

Some degree of regional differentiation could probably be detected in most of the 

fuhahle 0 n, °iT f ° Und ° n thC hiUs ' but arc certain of them which arc paSculariy 

Tn S'’ dCra ° nS f raU T’ bcin * q ua,ificd hy two conditions: firstly the differentia- 
L-inH rh^, y C * prcss ,f d m t thc morphology of the shell, and secondly the shells are of a 
ll “ cn ^' V co,,ec ;f d «n quantity by the debris-sampling method described below, 

condirion^bTrWt g iT a T S,7C ^ ,th assoclatcd h 'gh population density. Having these 
conditions in mind I have focussed my attention on the following genera:— 

Diplommatina. Opisthostoma s.str. and Opisthostoma sub-genus Plectostoma in the 
family Cyclophondae; Doysidia. Paraboysidia. Hypselostoma and Gyliotrachela in the 
family \ ertigimdae; Sinoennea, Discommon and Oophana in die family Strcptaxidac. 
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The species of these genera are very largely confined lo the limestone environment, 
have never collected any of them away from it. but Dr. Laidlaw found two species or 
Piplomimnna at h.gh altitudes (3.000^.000') on Gunong Inas in Perak, a locality 
aherc limestone certainly docs not outcrop. Neither species (D skeati and D. laidlawi. 
s > kcs * 1903. 194) has ever been collected elsewhere. 

Mrs. van dcr Fcen informs me in lit,, that species of Discartemon, Shwcmwa and 
' have been found in Sumatra and that the environment, at any rate of the 

vics of the two latter genera, was not exposed limestone. It is described as “ordinary 

C C 1C ff St moSS * ctc " P fobab| y overlying weathered volcanic rock. 
l adds the remark that they are always extremely scarce, and never found in such 
concentrations as on the calcareous hills of Malaya". 


.Method of collecting. 1 have mentioned that some of the species, especially the 
’ cn smnd oncs . arc difficult to find alive. I have never seen a living example of any spe- 
of Sinaennea. Diplommatina or Opixthostoma s.str., though I have searched in a 
f.-ir number of localities. Also many of the isolated hills are situated far from road or 
iailway. so that the greater part of a day devoted to visiting them is spent in travel by 
user or on fool, leaving perhaps an hour or two at the hill itself. In these circumstances 
ware lung for living material would not provide a representative collection of the fauna. 
So,nc melhoti of ‘wholesale' sampling must be employed, even if the greater part of the 
material obtained consists of empty shells. 

I he method 1 have adopted is to search round the base of the cliffs, which surround 
.•Imosi all these hills, for debris in which inspection reveals the presence of small shells. 
Dry. dusty deposits, rich in shells are often found on ledges and around the mouths of 
k.iu's, and the ground below rough stulagmitie growths, encrusted with algae, is often 
productive. In general, visible shells mean a sufficiently rich deposit, just as the sight of 
cold in an auriferous sand betokens riches far beyond that which can actually be seen. 
Handfiills of such debris are gathered from a number of locations round the hill and put 
i" a hag until about half a gallon has been collected. 

I lie debris is later dried in the sun and then thrown into a vessel of water and vigor¬ 
ously stirred until as much as possible has been sunk to the bottom. A floating scum will 
o mam, consisting partly of vegetable detritus, dead and fragmentary' insects, etc., and 
p.mly of shells, each kept afloat by a trapped bubble of air This is skimmed off and 
•gain dried, and then separated into fractions by graded sieves, of which the finest has a 
mesh ot about 0-5 mm. which will remove dust and retain the smallest of the shells. The 
coarsest fraction can be searched with die unaided eye, the finer ones by scattering the 
material thinly on the stage of a dissecting microscope and passing it backwards and 
forwards across the field. A half gallon sample treated in this way will generally yield 
'ome thousands of shells (Plate 15, above). 

Several friends have helped me by making collections at hills which 1 have been 
unable to visit myself. My thanks are particularly due to Mr. J. A. Hi slop Mr 11 
Vrvicc and die late Mr. P. D. R. WilJiams-Hunt. 


taxonomy. The greater part of the very heavy burden of taxonomic work on these 
molluscs has been borne by Mrs. W. S. S. van dcr Fcen (nee T. van Bcnthem Jutting), 
lio has summarised all the above genera, except Diplommatina. in five papers in this 
uni earlier numbers of the Bulletin of the Raffles Museum (van Bcnthem Jutting 1921. 

1954 and 1961 A & B). In these papers she has enumerated a hundred species 
n.l subspecies of which no less than seventy-two are described and named. Dr. F. P. 
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JLaidlaw deak with the genus Diplonmiaiina (Laidlaw 1949) and the late Mr. J R le B 

cpTcially van 7*7 "n °“ ^ ° lhcr P™**’ To ,hcsc authorities, and mosi 

especially to Mrs. van der Fcen, 1 have pleasure in expressing ray very sincere gratitude. 

Characters of the genera. Diplommatina. These arc nil small shells ranging from 
|r fJ° ab ? ut 4 mm m height, elegantly turreted and with evenly spaced ribs placed 

11 mfLn!' W , h °n ^ A -i “" g gCnCfic factor is that some species are dex 
v h J wmc S ,mstra |Iy coiled Among the common dextral species (/->. canaUclulata 

have never seefnT , /C i CrOSSC ,U * VC encoun,ercd a few »nktral aberrations, but I 
L marked thnn!n d ° f normn,| y *mhtn\ shell. Regional spcciation is 

dierc IS 16 *? f thc olh ? r genera, some species being quite widely spread, but 
there arc species apparently endemic to single hills or groups of hills. 

diamcteffSTs'hT Excccdin 6 l > r . snia11 sllc,ls - mostly about I mm. in greatest 

““ • r 15, below) ‘ Th ? nrc P ccul,ar, y contorted and have line transverse ribs. 

localities P t,on ,S Very markcd * the majority of species being recorded from single 

nnrnW /7 ^ //, ^ t,m V?! 3 - fi ^ nUS Plect05t0,na - Lar gcr shells than Opisthostoma s.str., com- 
rnilpH ^ ,n S T W,lh Dlp !°" lmatma - ln most species the distal portion of the whorl is not 
v-in It iaconform,l y w,lh d,c Proximal part, but becomes solute (O. (/') siphonostomum 
OF ascends .!° ,he t a P” lO. (P) re,rover,ens Tomlin). Ornamentation has the 
rm of transverse ribs, which may become exaggerated to form projecting lamellae 
F ) l,wrasen * e Tomlin). 1 his condition foreshadows the fantastic ornamentation 
or the species of the Bornean subgenus Geothauma. Regional spcciation is very marked. 

Boysidia, Paraboysidia, Hypsclosioma and Gyliotrachcla . These are four closely 
allied genera of the family Vertiginidac. The shells are small and almost all characterised 
y a dark chocolate brown colour. The aperture is usually expanded and surrounded 
insk e by a series of folds and lamellae; the last whorl may be partly solute. A number 
of species are recorded only from single localities, others are more widely distributed. 
Gyliotradiela depressispira van BJ. has been found on the majority of hills, adequately 
sampled, which he to the cast of the main mountain range in the state of Pahang. 6. 
hungerjordiana (von MlldIT.) provides the exception that proves the rule among these 
molluscs, for it has been found almost everywhere where collections on limestone hills 
have been made. 

Discar,anon and Oophana. Curiously flattened and distorted shells of moderate size, 
about 1 cm. in greatest diameter, the shell transparent like glass when fresh; weathered 
specimens arc opaque. Regional spcciation is very’ strongly marked; of thirteen species 
recorded in Malaya only two arc known from more than one locality, and it is possible 
that one of these owes its wider distribution to transport by human agency (van Benthcm 
Jutting 1954: 76). 

Sinocnnea. Mostly small shells of 3 to 4 mm. in height the largest (5. ridleyi Peilc) 

■S to 9 mm. Shell glassy when fresh, frequently with strong transverse ribbing on the 
whorls, the aperture beset inside with a complicated set of teeth and lamellae. Regional 
spcciation is strongly emphasized. Of twenty-four precisely localised species seventeen 
are known from single localities. 


Localities and distribution of species. On the map at Fig. 1 arc shown all the 
limestone hill localities at which collections have been made large enough to furnish dis¬ 
tributional evidence, and a summary of information concerning them is given at the end 
of this paper. T lie localities arc indicated by numbers corresponding to those in the left 
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r V"|I colu . mn of TabIe 1 arc ***>& in the order; north to south on the west side 

• ifiL mam mountain range (I to 13) and south to north on the east side of the ranee 

1 14 IO ZQ). 

... — y T Single , hills ’ in othcrs groups or pairs of hills so close to- 

• * ih l r that differentiation between them is not to be expected. Hills from a few hundred 

..m s ,o a mile or so apart may, I think, fairly frequently exchange members of their 

: P r ? f U h I:,tlon l i ,r ° u S h dlc t medi ™ of flood waters. The most southern and isolated 

m' SC ' n C,ang ° r ’ UlC Balu Cavcs HiU and Gunong Takun. In Pahang, cast of 
Tirn.un mountain range arc a number of other isolated hills or small croups (Nos. 14 

I „° n . b ° th , s,dcs of the hills become more frequent and less isolated in 

! n am;in ? n th * easl a " d Pcrlis, Kedah and northern Perak on the west. 
' , ? m . Kc a " tan has bccn on n very hmited scale with many localities unrepre- 

nkd. As might be expected regional spcciation is most marked where die hills arc 
Al1 '•*> scattered and isolated from each other in Selangor and Pahang. 

, n !/ nble 1 ,s pi . CSL ‘ ntcd thc wholc of tbc evidence for regarding the distribution of 

On ihr ^f?^r a r a f C . C ^ CU i l c: r e ° f s P eciatlon brou £ ht "bout by geographical isolation. 

1 he left arc listed the localities, each consisting of a single hill or group of hills. 

pposite each locality reading horizontally, arc the names of species collected from it 
.md these arc arranged m vertical columns of families and genera. Those species which 
;' C ! CCn found ;it on, y one IocaIll y ar c primed in heavy type, and it will be seen that 
ll *; f °/ m ;! n ,mprcss,v t c Proportion of thc total. Of every species listed there is an 
.Kioun. in the papers: Laidlavv, 1949 and van Bcnthcm Jutting 1949, 1952, 1954 and 

• - o i A and U. 

As a test of the effectiveness of die sampling method some of thc localities (Batu 
•Acs, Bukit Chmtamani, Sungct Sipul, Lcnggong) have been sampled on two or more 

-c'is!on S Ul mtCfVa 5 ° f >CarS ' and the same assemblage of species collected on each 

It is true of course, that collecting at localities not yet sampled will probably show 
SOf T nC of thc fo . rms represented as confined to one have, in reality, a more extended 
r. nge In my experience, however, every new hill or group dial is visited produces more 
Imhcrto unknown species than species previously known and having a restricted ranee. 

, , g 1 rcscar j :h on Ibis problem as very far from complete, enough has. I believe, been 
. lo s , that Illc Presence at isolated limestone localities or species endemic to 

• hem is a real and not an apparent phenomenon. That this has its origin in actual isolation 
! popu,nt,ons or molluscs, due to die fact that they have become conditioned to 
hvc only on exposed limestone, appears to me to be so evident as lo be beyond dispute. 

Infra-specific differentiation. On tabic I the distribution is recorded of forms reg- 
mded as species. Some degree of differentiation below the specific level is also en¬ 
countered. 1 lie following geographical subspecies have been recognised by the authors 
" ,hc taxonomic papers referred to: Diptummalina crosscanu crosscanu Godwin-Austcn 
!, r °™ Gunong Pondok and D. c. sipuutna Tomlin from Sungci Siput (Laidlaw, 1949: 
r'T.V D - su P er ™ superba Godwin Austen from Gunong Pondok and D. s. brevior 
Laidlaw from Sungci Siput .(Laidlaw, 1949: 209-210); Paroboysidia kelantanensis 
ht Inn tunc usis Sykes from Kclantan, P. k. raffles! van B.J. from Kota Tongkat and P. k. 
unuulentata from Kramat Pulai (van Bcnthem Jutting, 1949: 12-17)- Gvliotrachcla 
transitions vcnusla van B.J. from Gunong Pondok and G. t. he lioscop ia v an B.J. from 
Kota Tongkat (van Bcnthcm Jutting, 1949: 28-31). By implication Dr. Laidlaw (!c • 
regards Diplommatina sinistra Tomlin from Sungei Siput as a subspecies of D 
ilmunuta von MJldff. from Gunong Pondok; I have treated it as such 
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In addition to these taxonomically recognised examples, some further instances of 
minor geographical differentiation are seen. Among the Slreptaxidae populations of a 
smaller and larger form of Sinoennea iwcedici Tomlin were found at lulls near Lengcong 
separated by about a mile (van Benthem Jutting, 1961a: 22). Collecting in 1950 at 
the locality which in 1939 yielded the larger form, again produced it and not the 
smaller one. A similar degree of morphological difference separates populations of 
Sinoennea /lungerfordiana (von Mlldff) found on Gunong Pondok (Uie type locality) 
and Bukit Baling, those at Baling being more finely ribbed (van Benthem Jutting 1961a: 
21). Here the localities arc sixty miles apart and the apparently close relationship 
between these populations is admittedly out of harmony with the usual state of affairs. 

Diplommatina veniricutus von Mlldff was described from Perak and occurs on lime¬ 
stone throughout the north-western part of Malaya in Perak, Kedah and Pcrlis. On the 
eastern side of the mountain range and in Selangor the species is represented by a form 
having the ribs more widely spaced. By selecting a certain part of the course of the 
penultimate (widest) whorl and counting the ribs, a numerial expression can be given to 
this character. Ten shells (or as many as were available) were taken from nine localities 
and the ribs counted in this way, with the result tabulated below:_ 

Max Min Av. Max Min Av. 

Baling. Kedah (5) .. 30 39 42-7 Gunong laktin, Selangor (12) 29 25 27 

Batu Kurau. Perak (7) 43 38 40-2 Bukit Chin.amani Pahang (14, 36 31 34-1 

Gunong Pondok, Perak ( 8 ) 51 30 40-8 

Gunong Kantang. Perak (10) 48 39 44 .x Bukit Charas, Pahang (17) . . 35 29 31-8 

Batu Caves. Selangor (13) .. 28 26 27 Bukit Scrdam. Pahang ( 16 ) .. 26 20 22-6 


Bull. Rafflls 




CERT AI N MOLLUSCA OF THE MALAYAN LIMESTONE HILLS 59 

TZns H CCn f0U "f ° n ‘ y " tha ‘ Sta,C ' 

r^ipira probably ?" nh T Kctam “ 

The fauna of these two mi r !. j V? d S0 on thc Iw ° Selangor hills. 

Icnture consistent with their great decree oVivIhii T aku " ) is l,ighl >’ P ccu,iar * 

itiolluscan fauna is rather with thp hm- • n.\ . on ‘ t lc w ^°* e l * ,c affinity of their 
range) than with tliose in Perak ciehtv mill ' * ^ ^ r l carcr liut sc P*>ratcd by the main 
found on these two hills n0Tth ~^ Of the four species 

i Hiplommatina canaliculate, von MlldfT „,d CvliotradUZ / 0lllCr ? r'*' thcn1, tW0 
■ire widely distributed on both sides n ,1 ( ’> llnlruM ‘‘ hungerfordtana von MlldfT.) 

.- ^ ribhed W "~ 

see,.o T „ h s C o rt ;lp“rcer1n"tf n ° f "T r" US r P ° PUla,i0n '- ^ f0rCg0i "S 

>»r populations of certain vener-! ? u ' m;,rs J* al,,n fi of evidence of the segregation 

speeb^d infra-specific differentia,™. 

israjs: 

speaks stronelv amin 8 V h ° ^V" 8 r ° rm;Itlon - geological evidence (see belmv) 

„l the *, Zi 1 ' SrC ' C r ! , .“J cicm lo P r “ d ““ the observed distribution 

U in The a lfnitv lh ' 5 d,slribuli ° n itself point in the same dircc- 

n Ihe alfintty of tile Selangor fauna with that of Pahang rather titan of Perak is one 

Can haVC *•»""*« ^ — -ountain 

of tndS'LmonehillTnn ^ is,cd . 'of comparatively rapid accidental translocation 
w,t ™ , hl11 to :inolber - ‘ho facts would be explained in a way consistent 

ree ncted whh this n if C s n n C ch 0 . n U '’ ,estone; ,be re Bional differentiation could be 

bt. not Utink lha ???***? were ~S«««ccl as an extremely rare event I 

have operated in this Th ‘ V,n f, S " !uor cg£s b >' birds or oti,cr animals is likely to 
to the an?ma|s ! feef and -In 7 a""' i,VC in mud " r soil "'Web would adhere 

l..rger ereTures. ' * i,daptMions for attaehmem to the bodies of 

!7" bood ‘ ng of ">c countryside occurs in Malaya almost 

r sts& 

m S2LZZ2S 

the tlood-platn of the same river. Kota Tongkat and Gunnng Sinyum (15 and 201 
• t this relation to the Pahang river, and the species Opisthasfoma^Pl ) umbiUcatum • 

10 ‘"T alS ° ,hcir ***** species of O^olJaZp!^ 
n a and V- acuti-carmata are closely allied. 

rtves'hiinn&hnoo" 1 ° f v 00 at W r rS fa s,riclly dc P cmto " on topography. The Ball 
aitetiicr S Sin s | Ca K hilrd y bc supposed to have received its fauna in this way 
lllukh Gfd affin ' ty .' vltb . th . at of Pa l lan g IS admitted or not. The nearest hillso "Pahang 
Chmtamani) is, indeed, only twenty-five miles away, but it lies &i the further 

.#* 

S ' 
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side of a considerable mountain range. The limestone hills of Perak are eighty miles 
away in a direction at right angles to the consequent drainage of the country. 

Although the distribution of many of the species (as shown in Table 1) strongly 
suggests that they arc confined to limestone hills and cannot live away from exposed 
limestone, there are other members of the genera under consideration for which this 
supposition is hardly valid. Ilypselostoma hungerfordiana is ubiquitous on the limestone 
hills throughout the country and I have been unable to detect any sort of differentiation 
in the shells of specimens from widely separated localities. The most satisfactory expla¬ 
nation of this is that the species docs exist, at a low population density, between the 
hills. Its small size and dark brown colour, combined with rarity, would make it difficult 
to find and would explain why it has only been collected on the hills, where it is abun¬ 
dant. 'I he same may be true of some of the widely spread species of Diplonwmtina 
( canaliculata , nevilli, ventriculus), the subspccifie differentiation detected on the hills 
being a consequence of even sparser inter-hill populations and less free passage of genes 
front one hill to another. It has already been mentioned that species of Diplommatina 
occur in Malaya dissociated from limestone, though these particular species (D. skeali, 
D. laicllawi), have not been found associated with it. Also, in Sumatra, species of 
Sinoennea and Opisihosiotna arc known to live away from limestone. 

It seems likely, on die other hand, that species with a distribution limited to single 
hills include complete dependence on exposed limestone among their specific characters 
Such species may, however, occasionally give rise to mutants with better tolerance of 
non-calcarcous surroundings, which will wander away from the parent hill. Such forms 
would maintain themselves precariously and usually become extinct, but would occa¬ 
sionally colonise another hill before doing so. In such a case further evolutionary change 
would be likely to accompany the proliferation of the mutant stock, finding itself again 
in a calcareous environment favourable to rapid growth and reproduction. In this way 
another endemic species would have its origin. 

Sometimes a mutant may prove sufficiently hardy and persistent to colonise a num¬ 
ber of hills; such a colonist would probably invade die same hill on several occasions, 
and diis circumstance would promote the development of a uniform population dirough- 
out die hills of die region in which the mutant establishes itself. The distribution of 
Gyliotrachela depressipira in Pahang lends itself to diis interpretation, and that of 
Opixtfiostoma salpidomon is similar, but on a less extended scale. 

It is suggested dien, to account for llic facts recorded in this paper, that large, stable 
populations of diese molluscs exist on the hills, many of the species being dependent on 
an environment of exposed limestone. Certain of them are not strictly confined to lime¬ 
stone and inhabit sparsely the country between the hills. They may have had their origin 
in mutants from calcicolous forms, and the cnlcicolous species with restricted distribution 
probably owe their great diversity and occurrence on all the hills, however isolated, to 
non-calcicolous mutants which have maintained themselves in the unfavourable environ¬ 
ment between the hills only long enough to colonise one or a few hills, and have then 
become extinct. 

It is outside die province of die present writer to pronounce on the rival claims of 
natural selection and ‘drift* to account for the diversity of shell form seen among these 
molluscs. The following observations may, however, be relevant to any eventual discus¬ 
sion of them. 

Firsdy, it is hardly possible to attribute adaptive significance to the differences in 
shell form on which discrimination of species is at present based. How far these arc 
correlated genetically with characters affecting viability cannot be determined until 
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saxrjas&H^- 

N°‘“ un " ,e ,ocalilics ™-nKrolc,l in Table 1 and „„ ,h c collector., of .sample, 
PliRLIS 

Nunong, Raffles'M^in^ltoor! Dec‘^ 3 ^ “' C n0r,h " n Pa " "" SlalC ' G ' 

Ma^ E - *" — **■ H- D. Ceilings, 

Hun. 3 March',wf There 6 ?’’ '°°° I2 ' V,™ SOUlb ° f Kangar ' P ' * R ' William,- 
Sin. - r . ‘ T u e many more hil,s than thcsc ihrce in Perils and further 

collecting is likely to show that they have a fauna largely in common. 

Kkdah 

... £ E -"»—- «- 

s J.,”"S- =• "' *• ’>■ * « «* "I w*. O. 

PtRAK 

6. Lenggong. 5° 9' N„ 100” 58' H. Gua Badak <_ Gunong Dayak, is north of 
•enggong and another hill a mile further to the north has been collected. These arc two 
of a group of several bills. Twccdie, March 1939; Williams-Hunt, Oct 1950 

on iiI U 7;i, 55 ' N - 1000 49 ' E ' A ra,hcr isol; “ cd hi " "onh-cast of Taiping, 

“ U,c WLS! s,dL of ^ Carat range. Williams-Hunt and Hislop Nov 1950 

f ul l Rem- 0 ,? r°M d i 4 “ , 47 : N - j0 °” 50 ' E - Overlooking the railway station a. 

[, RLn t JS - Collections of shells were made at this hill (under die name 'Bukct 
I ondong ) in Ute 1870's and SO's by Dr. Townsend and Mr. R Hungered described 

I > Godwtn-Austen and Nevill and von Mocliendorf respectively). A sample collected bv 
wecdie in April 1939 yielded just the same fauna. ample collected by 

9. Sungci Siput Hills. 4" 52' N.. 101» 7' E. A group of hills live miles north-east 
M -lid Sheriff 1 Q« d T’ C!, a‘ ^ Kan] P on S Uatu Tujoh on the Sungci Siput-Lasah road. 

' vicinity ’ ’ l946 ' D ° M ° rg;,n ’ s locali ‘y Gxnong Techehel is in 

, „ ,0 ' Gu " ong Ka " Ia “S'. *: 46 ' N-. 101 •> 07' E. A conspicuous hill on the east side 

‘ 1t , r r i °;' d bctween Sungci Siput and Chcmor. Twccdic, March 1939; Williams-Hunt 
m*v. 1950. 
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Fig. 1. Distribution in the Malay Peninsula of the localities enumerated in Table I. Stippling indicates 
mountainous areas. 

11. Hills south of lpoh. A large group of hills south and east of the town, lying 
in the valley of the Kinta River. Localities collected include Gunong Rapat, Gunong 
Kroh, Gunong Meusah and Kramat Pulai. Tweedie, Hislop, Williams-Hunt on several 
occasions. 

Selangor 

12. Gunong Takun. 3° 18' N., 101° 38' E. An isolated hill north of Kuala Lum¬ 
pur and about four miles from Batu Caves. Tweedie, March 1938. 

13. Batu Caves. 3° 15' N., 101° 40' E. A very isolated hill, easily accessible 
from Kuala Lumpur and visited by Tweedie and other collectors on numerous occasions. 
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14. Bukit Chiniamani. 3° *> 7 ' N iry?° nv r . . , 

iwccn Bcntong and Karak. Tweedic Aue iq-s t ^ lsohUsd h,!I near the road be- 
* ivveeuic. Aug. 1935; Twecd.c and Hislop, June 1954. 

15. Ounong Sinyuni, 3° 43' N 10 ?° 9 A' c ^ 

Mtualed east of the Pahang River between Temelh ° a pa,r of iso,atcd hills 

June 1954. Tunerloh and Jcrantut. Tweedic and Hislop. 

16. Bukit Scrdam. 3° 51' N tnt° «/ c a ' 

Williams-Hunt, Sept. 1950, " L ° nc of a K rou P of hills near Raub. 

17. Bukit Charas. 3 ° 54 'N 103° OQ' p c f , ,, 

Reman. The small hill Bukit Panchinn is mil , ,.° f Chc , Kuantan R ' v *r near Kuala 

Abdul Majid, 1947; B. A. K. Townshcnd. Veb. 1953 ' V ‘ B * C Bakcr ’ l938 - 

Majid, 1947. kh Sa8U ‘ 3 59 N “ I03 ° ° 9 ' E Fivc mi,es °orth of Bukit Charas. Abdul 

19. Bukit Tenggck. 4° 01' N iov in- c T 

Abdul Majid, 1947. ” 1U3 0 E ‘ Two ,n,Ics north of Bukit Sagu. 

20. Kota Tongkat and Kota Gclanggi 3 - 53 ' N in?° c a • , 

together and near the road a little cast of ih,. // 29 E ‘ A pa,r of hilk close 

Abdul Majid, 1947. ° f thc fcrr >' ovcr th c Pahang River at Jcrantut. 

21. Gua Bama. 4° 12' N 101 ° s*' n a 

lungku. Tweedic, Sept. 1941 . ‘ A 1 t c soulh of the railway at Padang 

22. Gua Sai. 4° 13' N 101 « sq' 1 = j . 

Service. 1947 and Jan. 1949 .” “ * B ,dc thc n,,,Wa >' al Padang Tungku. H. 

23. Gua Tinggi. 4- 11- N.. ,02” II' E. Near Kua.a Lipis. Service, 1947. 

24. Goa Siput. 4“ 26' N 102° IS' p v ^ 

:r 4 ” ^ 102 

May 1953. h ° f Kua,a Tahan - °^vie, >952; Tweedic and Hislop. 

26. Hills in Ulu Kcnyum Kcchil. 4° 37' N I O ’ 0 25 ' r- a r u .. 

eight miles north of thc last mmrinnnH “ 5 E - A P rou P of hills about 

Aug. 1954. mentioned group. Hislop, April 1952. J. R. Hendrickson, 

Kri.ANTAN 

^Ja|uaicl]fexp|ored an” “Sffi 01 7 „ 9 ' ** *** no. ye. 

" ,m Cua Musa "S IO P “'^- »« included. Tweed* J^“a^ 93 9 °" pati ’ ‘“““"e 

ab °“' scvcn — 
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Index to the species tabulated on pp. 54-57, referred to the following papers by F. F. 
Laidlaw (1) and W. S. S. van Bentbcm Jutting (2 to 6), listed under References: 1, 
Laidlaw, 1949; 2 to 6, van Ben them Jutting, 1949, 1952, 1954. 1 961 a, 196 Id. 


acme, Dip. 1: 212 
acuti-carinala, Oo. 6: 
npicata, S. 5: 
atalum, Op. 6: 
atopospira, Oo. 4: 102 
attenuata. Dip. 1; 210 
attenuata, S. 5: 
bacca, S. 5; 
baculum, S. 5: 
balingensis, Oo. 4: 102 
butleri, S. 5: 
callizonus, S. 5: 
canaliculata, Dip. 1: 202 
castor, Op. 3: 30 
charasensc. Op. 3: 42 
charasensis, S. 5: 
chintamancnsis, S. 5: 
chrysallis, S. 5: 
collingei, Dis. 4: 83 
coronntum, Op. 3: 36 
crassipupa, Op. 3: 51 
crosseana. Dip. 1: 205 
crumenilla, S. 5: 
dactylus, S. 5: 
demorgani, Dip. 1: 207 
depressipira, G. 2: 27 
diaphanopepla, Oo. 4: 104 
diminuta, Dip. 1: 212 
elephas, H. 2: 23 
emergens, G. 2: 34 
cutropha, Oo. 4: 96 
fall ax. Op. 6: 
frequens, 1*. 2: 17 
glcbula, S. 5: 
granuneulum, Op. 3: 22 
hemistreptum, Op. 6: 


hungerfordiana, G. 2: 26 
hungerfordiana, S. 5: 
hypcrmicrum, Op. 6 
hypocrites, Dis. 4: 92 
kakiense, Op. 3: 39 
kanchingensis, S. 5; 
kclantanensis, P. 2: 12. 15 
lacmodcs. Op. 6: 
laidlawi, H. 6: 
lembingensis, S. 5: 
lenggongensis. Dip. 1: 210 
lenggongensis, S. 5; 
lepida, S. 5: 

leptoglyphus, Dis. 4: 90 
leucostolos, S. 5: 
luctans, G. 2: 33 
maduana. Dip. 1: 209 
incgalomphalum, Op. 3: 24 
megaphonum, H. 2: 21 
michaelis, Op. 3: 19 
micridiutn, Op. 6: 
modcsta, G. 2; 31 
neglecta, P. 6; 
ncvilli, Dip. 1: 202 
obtusum, Op. 3: 27 
oreia, P. 6; 
pagodella, S. 5: 
palinhclix, Op. 3: 40 
parabates, Dip. 1: 210 
panmonion, Op. 3: 33 
paulucciac, Op. 3: 14 
pcntacchma, Dip. 1: 207 
perakensis, S. 5: 
perigyra, H. 2: 25 
pcrlisanum, Op. 6: 
piconis, H. 2: 24 


plagiostomum. Op. 3: 18 
platycephalum. Op. 3: 26 
platymorphus, Dis. 4: 88 
plusscnsis, Dis. 4: 79 
poilux, Op. 3; 32 
praeco. Op. 6: 
pulvisculum, Op. 3: 16 
retrovertens, Op. 3: 39 
ridlcyi. S. 5: 
ringens, B. 2: 11 
rocbcleni, Dis. 4: 81 
salpidomon, Op. 3: 42 
salpinx, G. 6; 
sciaphilum, Op. 3: 45 
seimundi, Dip. I: 207 
scncx, Op. 3: 47 
serpa, F. 2: 18 
siphonostomnm. Op. 3: 53 
stenostomus, Dis. 4: 83 
streptophora, Dip. 1: 205 
subcylindrica, S. 5: 
superba. Dip. 1: 209 
tenerum Op. 3: 33 
icnuicostalum, Op. 3: 21 
terac, H. 2: 21 
thamnophila, Oo. 4: 98 
thersites, Op. 3: 29 
tiarclla, S. 5: 
transitans, G. 2: 28, 29 
trapezium, Op. 3: 38 
troglodytes, G. 2: 35 
turriformc. Op. 3: 43 
iweedici. Dip. 1: 213 
tweedici, S. 5; 
umbilicatum, Op. 3: 49 
ventriculus, Dip. 1: 204 
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Explanation of Plates 

Plate 15. Above: Concentrate prepared by floating and sieving from debris from Bukit 
Charas, Pahang. Sinoennea charasensis, Opisthosioma charsense, Diplom- 
matina ventriculus and Alycaeus sp. are present. 

Below: Shells of Opisthostomu paulucciae photographed on 10 point print, 
the text of this journal. 

Plate 16. Above: Air photograph of Bukit Sagu, Pahang. R.A.F. photo, British Crown 
Copyright Reserved. 

Below: Specimens of Diplonunatiiui ventriculus from (left to right) Gunong 
Batu Kurau, Bukit Chintamani, Bukit Charas and Bukit Scrdam, to show 
regional variation in spacing of ribs. 
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